Silicon nitride (Si3N4) has emerged as a promising material for integrated nonlinear photonics and has been used for broadband soliton microcombs and low-pulse-energy supercontinuum generation. Therefore understanding all nonlinear optical properties of Si3N4 is important. So far, only stimulated Brillouin scattering (SBS) has not been reported. Here we observe, for the first time, backward SBS in fully cladded Si3N4 waveguides. The Brillouin gain spectrum exhibits an unusual multi-peak structure resulting from hybridization with high-overtone bulk acoustic resonances (HBARs) of the silica cladding. The reported intrinsic Si3N4 Brillouin gain at 25 GHz is estimated as 7×10 −13 m/W. Moreover, the magnitude of the Si3N4 photoelastic constant is estimated as |p12| = 0.047 ± 0.004. Since SBS imposes an optical power limitation for waveguides, our results explain the capability of Si3N4 to handle high optical power, central for integrated nonlinear photonics.
Introduction -Integrated photonics has significantly advanced over the past decades. Today, integrated photonics is used to build on-chip lasers which can be found in data centers, and passive optical elements such as filters and arrayed waveguide gratings for optical signal processing. Although silicon and indium phosphide are the most mature platforms, there has been growing interest and advances in silicon nitride (Si 3 N 4 ). Amorphous Si 3 N 4 [1] shows exceptional performance in terms of low linear optical losses below 1 dB/m and absence of two-photon absorption, and has been widely used for passive elements such as delay lines and multi-mode interferometers [2] . In addition, the high Kerr nonlinearity and flexibility to engineer the anomalous group velocity dispersion (GVD) via geometry variation [3] have made Si 3 N 4 an ideal platform for integrated nonlinear photonics. Moreover, Si 3 N 4 is suitable for applications in space [4] . Although already considered in the 1980's for its promise in integrated photonics [5] , only recent advancements in nanofabrication for film growth and patterning have overcome the highly tensile film stress of stoichiometric Si 3 N 4 [6, 7] . These developments allow high-yield fabrication of Si 3 N 4 waveguides with tight optical confinement and anomalous GVD, as required for parametric frequency conversion via Kerr nonlinearity [8] . Such integrated Si 3 N 4 waveguides are presently a leading platform for dissipative-Kerr-soliton-based frequency comb ("soliton microcomb") generation [9] . Integrated Si 3 N 4 -based soliton microcomb can now operate with ultralow electrical driving power [10, 11] and repetition rate extending down into the microwave domain (e.g. X-and K-band) [12] , and have been used for system-level demonstrations [9] . In addition, Si 3 N 4 waveguides enables coherent and low-pulse-energy supercontinuum generation in near-infrared [13] , as well as in mid-infrared for dualcomb spectroscopy [14] . Other nonlinear phenomena in Si 3 N 4 waveguides such as second-and third-harmonic generation [15, 16] , as well as stimulated Raman scattering (SRS) [17] have been studied. However to date, there is no report on backward Brillouin scattering in Si 3 N 4 . Understanding the acousto-optic interaction in Si 3 N 4 waveguides is key to characterize Brillouin gain, and equally important, to model the noise properties resulting from thermally-excited guided acoustic waves.
Stimulated Brillouin scattering (SBS) is a nonlinear process mediated by acousto-optic interaction inside a medium [18] [19] [20] . It has been observed in various platforms, including silica fibers [21] [22] [23] [24] [25] , whisperinggallery-mode resonators [26] [27] [28] [29] , and integrated waveguides based on chalcogenide [30, 31] , silicon [32, 33] and aluminum nitride [34] . SBS has led to several applications, such as slow and fast light [35, 36] , microwave photonic filters [32, 37] , microwave synthesis [38] , highly coherent laser sources [39, 40] , gyroscopes [40, 41] , isolators [42] , mode-locked lasers [23, 43] and sensors [44] . At the same time, Brillouin scattering poses a power limitation in waveguides and fibers [45] , and in addition induces noises via thermal excitation of guided acoustic waves.
Recently, integrated Si 3 N 4 waveguides have been used to demonstrate a Brillouin laser [40] . However in that work, Si 3 N 4 was used solely to guide the light, and the SBS interaction occurred within the silica (SiO 2 ) cladding, as confirmed by the Brillouin frequency shift of 10.9 GHz. A second work proposed the use of Si 3 N 4 membrane including a waveguide and a phononic crystal to explore forward SBS [46, 47] . A third work demonstrated a large light-sound interaction using forward SBS in integrated silicon waveguides [32] , while a Si 3 N 4 membrane was used to guide the transverse phonons. However, to date, no work has shown backward SBS in Si 3 N 4 material. Moreover, to the best of our knowledge, there is no reference to the Si 3 N 4 photoelastic tensor (e.g. p 11 and p 12 ) in the literature.
In this Letter, we characterize, for the first time, the Si 3 N 4 backward SBS gain spectrum in a 5-mm-long waveguide buried in SiO 2 . Figure 1(a) shows an artist's view of SBS in a Si 3 N 4 waveguide buried in SiO 2 . Two optical fields, pump and probe, spatially overlap and are phase-matched with an acoustic mode, which induce acoustic oscillations through electrostriction and subsequent generation of a moving grating. Reciprocally, acoustic waves scatter light via photoelasticity. The phase-matching condition is given by:
where n eff is the effective refractive index of the optical mode, λ is the probe wavelength, v a is the acoustic mode velocity and ν B is the Brillouin frequency shift. In the present case, our waveguide cross-section is a 2 × 0.8 µm 2 trapezoid, exhibiting a smaller width at the top (see Supplementary Material), as shown in the false-color scanning electron microscopy (SEM) image in Fig. 1(a) inset. The refractive indices of Si 3 N 4 and SiO 2 at 1550 nm are n Si3N4 = 2.00 and n SiO2 = 1.45, respectively. The waveguide fundamental quasi-transverse electric (TE−like) mode is adiabatically excited by inverse nanotapers [48, 49] placed at chip facets. The simulated optical mode profile in the waveguide using finite-element method (FEM) is shown in Fig. 1(b) . The computed effective refractive index and mode area are n eff = 1.85 and A eff = 1.2 µm 2 , respectively. A solid mechanics simulation of the fundamental acoustic mode displacement field norm is shown in Fig. 1(c) . The details about the simulations are provided in the Supplementary Material. Due to the weak confinement caused by the lower acoustic velocity in SiO 2 and by the small waveguide dimension, acoustic waves propagate away from the waveguide and are absorbed by the surrounding perfectly matched layer (PML) [18, 50] . Moreover, the mode shape in the waveguide substantially deviates from the usual bell shape. This is caused by the small waveguide dimensions inducing hybrid acoustic modes [51] . Due to the negligible optical evanescent field in SiO 2 cladding, SBS happens mainly in Si 3 N 4 . Indeed, our simulations show that the SiO 2 contributes to 0.2% of the total Brillouin gain of the aforementioned acoustic mode.
Experiments and results -Residual reflections between the two chip facets make the waveguide a low-finesse Fabry-Pérot (FP) cavity. The transmission spectrum of the waveguide is shown in Fig. 2(a) , exhibiting a FP cavity free spectral range (FSR) of ν FSR = 14.375 GHz, corresponding to the 5-mm waveguide length. This cavity causes several experimental challenges: (1) The probe transmission is intensity-modulated by lowfrequency random environmental fluctuations (e.g. temperature changes due to variations in the coupling ratio of the pump beam), which constantly shifts the FP cavity's transmission spectrum. In our experiments, this process generates a noise of standard deviation 10 the pump signal modulates the cavity refractive index via Kerr effect. The resulting time-dependent shift of the FP cavity transmission spectrum modulates the probe signal. Hence, pump intensity variations are transferred to the probe signal and generate a noisy background of standard deviation two times larger than the Brillouin peak gain. (3) In our work, the chip is coupled via two 1-mlong standard single-mode fiber patchcords [52] in which the pump and probe counter-propagate and, as a result, SRS occurs along those fibers and generates a noisy background signal. This process contributes to a lesser extent to the system noise (≈ 10% of the Brillouin peak gain). Note that Si 3 N 4 SRS is considered much smaller than for silica [17] and can be neglected. Details about the estimates given above are provided in the Supplementary Material.
To overcome the three aforementioned challenges, we developed a novel technique, triple intensity modulation (TIM), able to measure the exact Brillouin gain profile. This technique is now explained in details. The pump and probe beams are intensity-modulated at frequency f P and f S respectively, and the detection is made at the frequency difference f ∆ = f P − f S (in our experiment, f S = 20 MHz and f ∆ = 75 kHz). This implementation exploits the nonlinear nature of SBS leading to sum-difference frequency generation, and has two benefits: (1) It moves the signal detection frequency away from the direct-current (DC) frequency, where the lowfrequency environmental noises lie. (2) It efficiently filters the pump reflection out from the probe beam in the radio-frequency (RF) domain. The filtering is achieved by detecting the signal at a distant frequency from the modulated pump frequency via a lock-in amplifier, eliminating the need for high extinction optical filtering. Such a technique is commonly used to filter out stray light in Brillouin microscopy [53] .
The aforementioned Kerr effect and Raman scattering issues are resolved by cancelling the temporal variation of the pump intensity. A similar method has been developed to cancel the non-resonant background in coherent anti-Stokes Raman spectroscopy [54] . This is realized by adding a second modulated pump beam (i.e. pump 2), whose intensity and polarization match perfectly those of the first pump (i.e. pump 1). The optical frequency of pump 2 (ν P2 ) is increased compared to that of pump 1 (ν P1 ) by a multiple of the chip FP cavity FSR: ν P2 = ν P1 + n · ν FSR , n ∈ N (in our experiment, n = 4), as illustrated in Fig. 2(a) . In this way, both pumps' intensities remain identical at all times inside the chip, irrespective of environmental noises. In addition, the two pumps are intensity-modulated at the same frequency f P but are π-phase shifted, such that perfect intensity cancellation of the modulation frequency f P occurs. Hence, the Kerr effect no longer modulates the probe transmission, due to the constant total pump intensity. Moreover, the SRS gain experienced by the probe is nearly identical for each pump, because the frequency difference of the two pumps, ν P2 − ν P1 , is much smaller than the silica Raman gain bandwidth (∼ 7 THz).
Since the two pumps are modulated with π-phase difference, SRS is attenuated at the detection frequency f ∆ = f P −f S . For SBS, however, the probe only interacts with pump 1. The situation is summarized in Fig. 2(b) in which the gain behaviour of the Kerr effect (phaseto-intensity conversion can be seen as a gain process for the probe beam), SRS and SBS are sketched in function of the pump-probe detuning frequency ν ∆ = ν P1 − ν 0 , where ν 0 is the probe frequency. It can be seen that Kerr effect is flat over the entire detuning frequency range and the Raman gain of the silica patchcord is nearly flat over the Brillouin gain bandwidth. Thus, these two contributions result in an identical gain for the two pumps. As the pumps have a π-phase difference, these effects cancel out at the detection frequency f ∆ . A different view of this cancellation is represented in Fig. 2(c) where the different contributions of the probe detection signal A det , are represented in the complex-plane, for the two pumps. Kerr effect and SRS generate a background signal (dotted arrow) that is cancelled by pump 2. The blue circle represents the path of the SBS Lorentzian amplitude lineshape that is traced when the pump-probe detuning frequency ν ∆ , is scanned. Brillouin gain spectral shape is measured by scanning the two pump frequencies ν P1 and ν P2 , while fixing the probe frequency ν 0 . The two pump frequencies are scanned simultaneously such that their frequency difference ν P2 − ν P1 remains constant during the scanning, as illustrated in Fig. 2(a) .
The experimental setup is shown in Fig. 2(d) . The two pumps are generated by two distributed feedback (DFB) lasers and the frequency scanning is performed by temperature control of these lasers. In the small gain approximation [55] , the magnitude of the measured amplitude |A det | in the presence of SBS in the Si 3 N 4 waveguide can be written as [56] :
where ρ pd is the photodetector power-to-voltage conversion factor, P S is the time-averaged detected probe power, P P is the time-averaged pump power in the waveguide (pump 1 only), g B is the Brillouin peak gain in unit of m
, L is the waveguide length, and L(ν ∆ ) is the gain lineshape. m/W is found at 25 GHz, accompanied by other smaller peaks. The details about error estimation are provided in the Supplementary Material. Using the phase matching condition Eq. 1, the velocity of the main acoustic mode is calculated as 10.5 km/s, which agrees with the literature [58] . The full width at half maximum of the main peak ∆ν = 390 MHz, is obtained by a Lorentzian fitting. Figure 3(d) shows the FEM simulations performed over a 3D trench of the entire chip cross-section including the SiO 2 -air top interface and SiO 2 -silicon-substrate bottom interface. The simulation model is built using the precisely measured parameters from SEM as shown in Fig.  3(c) . The details about the simulations are provided in the Supplementary Material. Acoustic eigenmodes, computed from 21 to 27 GHz, show that the multiple peaks in the gain spectrum originate from the hybridization with high-overtone bulk acoustic resonances (HBARs) caused by the reflection of acoustic waves at the SiO 2 -air top boundary and SiO 2 -silicon-substrate bottom boundary [59] .
Discussion -In our Si 3 N 4 waveguide, the optical mode can be approximated as a transverse mode. Then, the Brillouin gaing B in units m/W, can be expressed as:
where n is the refractive index, c is the speed of light in vacuum, ρ is the material density, p 12 is the photoelastic constant, Γ is the acoustic damping and η is the acoustooptic overlap coefficient. We now discuss on the three main parameters: Γ, p 12 and η.
The acoustic damping is proportional to the Brillouin linewidth as
. Therefore the remaining damping is assumed to be due to phonon leakage:
The photoelastic constant quantifies the amount of stress induced in the material by an electric field due to electrostriction. By fitting the peak heights of the FEM simulation results to the measured gain spectrum, the estimated photoelastic constant magnitude |p 12 |, is obtained:
The details about error estimation are provided in the Supplementary Material. This value corresponds to a 5.7-times reduction with respect to that of silica, leading to a 33-times gain decrease as p By substituting all these contributions to Eq. 3, we obtain a theoretical 342-times gain reduction in Si 3 N 4 waveguides compared to single-mode fibers. The Brillouin gain value measured in our Si 3 N 4 waveguide, in units m/W, is 250-times smaller than the silica intrinsic gain (g B,Si3N4 =g B,SiO2 /250), in agreement with the theoretical value derived above. When the intrinsic gain is considered, however, phonon leakage is absent and acousto-optic overlap is unity (η = 1). Therefore, the intrinsic Si 3 N 4 Brillouin gain is estimated as 7 × 10 −13 m/W, 30-times smaller than that of silica. In addition, the SBS threshold [61] threshold of 100 W and a hypothetical silica waveguide with the same dimensions as our waveguide would have a SBS threshold power of 20 kW. Conclusion -We have characterized backward SBS in integrated Si 3 N 4 waveguides. The observed SBS gain spectrum exhibits multiple peaks due to the hybridization with bulk acoustic resonance modes in the presence of SiO 2 cladding of finite thickness. The calculated acoustic velocity in Si 3 N 4 from the measured Brillouin frequency shift (Eq. 1) agrees with the reported value in Ref. [58] . Note that the observed SBS frequency shift in Si 3 N 4 of 25 GHz is the largest SBS frequency value reported on integrated platforms [18] . In addition, the SBS threshold in Si 3 N 4 is estimated as 87 kW in our 5-mmlong waveguide. Since SBS usually limits the maximum optical power in waveguides, its high threshold in Si 3 N 4 shows excellent high power handling capability of Si 3 N 4 central for integrated nonlinear photonics such as soliton microcomb [9] and chip-based supercontinuum generation [13] . Our work also allows assessing the fundamental noise associated with light propagation in Si 3 N 4 waveguides as caused by thermal excitations of acoustic modes. 
S1 Challenges, quantitative arguments
In our waveguide, the silicon nitride (Si 3 N 4 ) Brillouin gain has been measured to be g B = 0.07 m
Thus the probe beam, just after having exited the waveguide, has a Brillouin-induced maximum intensity variation of the order of:
where P P 0 ≈ 100 mW is the pump power inside the waveguide, α wg ≈ 0.2 (7 dB) is the waveguide insertion loss and L ≈ 5 mm is the waveguide's length. As example, for a probe power of 0 dBm at detection, the stimulated Brillouin scattering (SBS) signal power at the gain peak is at -48 dBm. As a consequence, any noise at detection exceeding this value will inevitably cover the Brillouin signal. We now proceed to quantitatively describe the noise sources that we encountered in the experiments.
S1.1 Noise induced by polarization and temperature fluctuations
When a continuous wave (CW) pump-probe experiment, such as the one presented in Fig. S1(a) , is plugged to the Si 3 N 4 chip, the measured probe power exhibits a very noisy behaviour. A typical representation of this noise is given in the measurement of Fig. S1(b) . Each acquisition leads to a random trace profile similar to the one shown. This noise is generated by random thermal/polarization fluctuations modulating the fraction of pump power being coupled to the cavity, which in turn dictates the waveguide's temperature. These fluctuations modulate the probe transmission and the resulting huge probe variation compared to the small gain value to be measured prevents any CW experiment to be conclusive in measuring the Brillouin gain.
S1.2 Pump reflection
Power reflection from the chip coupling points is experimentally measured to be R wg ≈ −22 dB. This means that 0.5% of the pump power returns back and directly arrives to the detector in the absence of optical filtering. Apart from the danger of breaking the detector when high pump powers are used (e.g. 1 W), the noise induced by this reflection totally covers the Brillouin gain signal. Thus, the pump beam needs to be optically filtered out from the probe with the help of fiber Bragg gratings (FBGs). In the triple intensity modulation setup, we further filtered out the pump signal in the radio-frequency (RF) domain by modulating both pump and probe beams at a slightly different frequency and detecting the signal at the S1 Pump-probe detuning frequency (GHz) Figure S2 : Illustration of Kerr modulation. An intensity-modulated pump periodically shifts the probe transmission spectrum, which in turns modulates the probe signal at the pump frequency. The solid blue trace corresponds to the measured waveguide transmission spectrum in function of a relative frequency starting at 193.5 THz. The dotted line represents this same spectrum shifted in frequency by pump-induced Kerr effect. Note that the shift is exaggerated for clarity. frequency difference, as explained in the main manuscript. This filtering method is very effective and totally removes the influence of the pumps from the measurement signal.
S1.3 Cavity Kerr effect
Probe modulation by Kerr phase-to-intensity conversion induced by an intensity-modulated pump is depicted in Fig. S2 . We now compute the probe modulation amplitude in the worst case scenario (which occurs at random times due to random temperature/polarization fluctuations). The waveguide-induced cavity free spectral range (FSR) is:
where n g = 2.1 is the group refractive index at 1550 nm wavelength, c is the speed of light in vacuum and L is the waveguide length. The change in FSR occurring due to Kerr effect with respect to the pump power is:
for which
where n 2 = 2. is the waveguide's effective area. The FSR change is given by:
where, in our case, ∆P = 200 mW. So the maximum cavity spectrum shift at the optical frequency ν 0 is:
where m = ν 0 /ν F ≈ 13535. Now, we calculate the transmission spectrum variation for the probe. The waveguide's induced cavity transmission spectrum can be expressed as [2] :
where P N is the normalized transmitted power and F is the cavity finesse. In our case, ν F = 14.375 GHz. Since the finesse is low, it can be simplified to:
Referring to the measured transmission spectrum shown in Fig. 2(a) of the main manuscript, the finesse can be found to be: F ≈ 0.53. The maximum slope of (8) is:
In our case, we have S MAX ≈ 24.9 THz . Combining this last result with (6), we obtain a worst-case probe variation of G K ≈ 10
, which is more than six times higher than the targeted Brillouin signal of Eq. (1). In an idealized situation, this generated signal should be constant and only contribute to an offset. However, the cavity spectrum random shifts with temperature and evolution of pump coupling to the chip results in a random change of the offset and generates a noise of standard deviation two times larger than the peak Brillouin gain.
S1.4 Stimulated Raman scattering
At a pump-probe detuning frequency equal to the Brillouin frequency shift, ∆ν = ν B = 25 GHz, the silica Raman gain can be estimated to be [3] :
whereg R,MAX = 6.5 × 10 −14 m/W is the peak silica Raman gain. Our patchcord length connecting to the waveguide is L pc = 1 m for each side. Given that the chip insertion loss is α wg ≈ 0.2 (7 dB) and by taking into account the two coupling patchcords as well as the 1-cm-long high numerical aperture (NA) fibers used to couple the waveguide, the total effective length is: L pc,eff ≈ 2.4 m.
Taking single-mode fiber effective area to be A eff,SMF ≈ 80 µm 2 and considering that the pump power inside the patchcord is P P 1,SMF = 24 dBm, the total stimulated Raman scattering occurring in the patchcord is:
Hence, in the present case, this background signal is smaller than the peak Brillouin signal and, despite contributing to the total noise, it does not cover the Si 3 N 4 peak Brillouin gain. Nonetheless, it is reduced thanks to the use of the triple intensity modulation experimental setup, as described in the main manuscript.
S2 Sample fabrication
The integrated low-loss Si 3 N 4 waveguides are fully buried in SiO 2 cladding. The Si 3 N 4 waveguide sample presented in this work is fabricated using the subtractive process [4, 5] . In this process, the Si 3 N 4 film from low-pressure chemical vapour deposition (LPCVD) is first deposited on the thermal wet oxide substrate on a 4-inch silicon wafer. Electron beam lithography (EBL) is used to pattern the waveguides, followed by dry etching using CHF 3 /O 2 gases which transfers the waveguide pattern from the EBL resist mask (HSQ) to the SiO 2 substrate. Afterwards, the entire wafer is annealed at 1200
• C to drive out the residual hydrogen content [6] in Si 3 N 4 which can cause strong light absorption losses. Top SiO 2 cladding of 2.3 µm thickness is then deposited on the substrate, followed by SiO 2 thermal annealing at 1200
• C once again. Due to the added height of the waveguide before SiO 2 cladding deposition, a dome-shaped top silica-air boundary is formed after deposition, as shown in the simulation results of Fig. 3 of the main manuscript. Finally, the wafer is separated into chips of 5 × 5 mm 2 in size via dicing or deep dry etching. Inverse nanotapers are used to couple light both into and out of the chip via high numerical aperture (NA) fibers [7] . The coupling loss is less than 2 dB/facet, corresponding to a fiber-chip-fiber through coupling efficiency of 40%. The high NA fibers are packaged to the Si 3 N 4 chip [8] , which allow compact, portable devices for transfer and easy integration into a fiber system.
S3 Error bar estimation
The uncertainty in the gain estimation comes from the imprecise knowledge of four key-parameters. As mentioned in the main manuscript, the measured peak Brillouin gain in units of m
, g B , can be written as:
where |A det | is the detected signal magnitude. Thus, the uncertainty of g B depends on the uncertainty of the following parameters: Explanation of the error bars: P S uncertainty comes from standard deviation of repeated measurements. P P uncertainty comes from the uncertainty about the balance of the coupling loss on each side of the waveguide, that is estimated to be ±1 dB. ρ pd uncertainty comes from standard deviation of repeated measurements. L uncertainty comes from the lack of knowledge about the nanotapers contribution to the total Brillouin gain, that is estimated to be 5 proportional to the square root of the Brillouin gain, giving a value of |p 12 | = 0.047 ± 0.004. It is assumed that the additional error caused the simulation as well as the estimation of acoustic Q-factor (obtained from Lorentzian fitting of the Brillouin gain) and the effective area, is negligible.
S4 Simulations
Simulations of the optical and acoustic modes are performed using COMSOL R 2D "Electromagnetic Waves, Frequency Model" and 3D "Solid Mechanics" modules, respectively. Si 3 N 4 refractive index n Si3N4 = 2.00 and SiO 2 refractive index n SiO2 = 1.45 are used to compute the optical modes. Si 3 N 4 density ρ Si3N4 = 3100 kg/m 3 , Si 3 N 4 Young's modulus E Si3N4 = 280 GPa [9] , SiO 2 density ρ SiO2 = 2203 kg/m 3 and SiO 2 Young's modulus E SiO2 = 73 GPa are used to compute the acoustic eigenmodes. These acoustic eigenmodes are computed by solving the equation of motion in frequency domain, including the strain-displacement relation and Hooke's law. The Si 3 N 4 photoelastic constant p 12 is adjusted to match the Brillouin gain obtained from our simulations to the measurement data (see discussion). For each acoustic eigenmode, the Brillouin gain is obtained by computing the overlap integral between the eigenmode displacement field and the body forces resulting from the divergence of the electrostrictive (stress) tensor [10] . Acoustic phonon leakage and subsequent reflections at the chip upper part (SiO 2 ) and at the silicon substrate are taken into account by including the SiO 2 cladding, the silicon substrate and a surrounding 1.5 µm thick PML in the simulation (except for the upper part for which a free boundary is used to imitate the silica-air boundary). The acoustic damping is calculated from the measured Brillouin linewidth of 390 MHz. The simulation results are slightly shifted in frequency (220 MHz) to match the measurement results. This shift is likely the result of a slight mismatch of parameters in the simulation, such as Young's modulus or density.
S5 Threshold calculation
To estimate the corresponding SBS threshold power in our Si 3 N 4 waveguide, only one pump of power P P and frequency ν P is considered in the waveguide. The power reflection coefficient R, due to Brillouin backscattering is given by [11] : R = Y e G/2 (I 0 (G/2) − I 1 (G/2)) ,
where I m are the modified Bessel functions of the first kind of m-th order, G = g B · P P · L is the unitless gain with L being the waveguide length. The parameter Y is defined as:
where h is the Planck constant, Γ is the Si 3 N 4 acoustic damping rate andn = e hν B /kT − 1 −1 is the mean number of phonons per acoustic mode (of frequency ν B ) at temperature T , k is the Boltzmann constant. The SBS threshold is conventionally defined as the required gain for R(G crit ) = 0.1. Therefore, the critical gain is estimated as G crit ≈ 29 at room temperature, and the SBS threshold is estimated as P crit ≈ 87 kW.
Bibliography

